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PROCESS FOR PREPARING A MODIFIED DAIRY PRODUCT 
TECHNICAL FIELD 

The present invention relates to production of cheese and cheese-like products 
containing bacterial exopolysaccharides. 

BACKGROUND ART 

Bacterial exopolysaccharides (EPS) are well known not only for their role in bacterial 
structure but also as food ingredients. In particular they have been found 
thickeners and stabilisers in food products (Weinbreck et al., Polymerix 2000. 
Symposium europeen Polymerix 2000. European symposium Rennes 2000-06-07). 

In many cases the EPS are used in situ to improve the texture of such products as 
yoghurt, cheese and desserts (e.g. Duboc and Mol^M Dairy J 11, 759-768, 2001). In 
other cases the exopolysaccharide is isolated first, and then added to the food.For 
examplethe fermentation of Xanthomonas campestris is well known for the production 
of an exopolysaccharide which may be isolated to form xanthan gum widely used m the 
food and pharmaceutical industries (Powell, In Microbial Polysaccharides and 
Polysaccharases. R.C. Berkeley, G.W. Gooday, D.C. Ellwood (Ed). Academic Press, 
Inc.NewYork pp. 117-160, 1979.; Morris,. In Food Polysaccharides and Their 
Application. A.M. Stephen (Ed). Marcel Dekker, Inc. pp. 341-375, 1995). 

Generally when exopolysaccharide such as xanthan gum are introduced into dairy 
products such as ice cream, yoghurt, cheese spread and cream cheese, the 
exopolysaccharide is an extract or purified polysaccharide separated out from a ferment. 
For example commercial xanthan gum is produced by a process involving treatment 
with heat and extraction with isopropanol to separate the xanthan gum from the other 
components of the ferment. 
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For instance, in US paten. 5,434,078, whey permeate is fermented with a constructed 
strain of Xanthomas campestris and the xanthan EPS isolated by precipitation wrth 
isopropanol, and dried for use as a viscosifier. 

Generally an industrial form of glucose is used as a substrate for the microorganisms, 
but many researchers have attempted to use low value sidestreams from the datry 
industry, such as milk or whey permeate, as a cheaper source for the EPS. However, 
many microorganisms only poorly utilise these substrates. 

10 Another approach to increasing the exopolysaccharide content of a dairy product is to 
include live microorganisms in the product (Broadbent et at., 11, 433-439. 2001; 
Christiansen et at, Milchvissenschafi 54, 138-140. 1999; Perry et al. J Dairy Set, 81, 
799-805, 1997). 

15 Bothoftheseapproacheshavedisadvantages. The processing steps required for 
separation of the exopolysaccharide from a fermentation mixture mean that such 
exopolysaccharide preparations are expensive and may contain traces of prectpnahng 
agent The addition of live microorganisms creates problems in controlling the amount 
and quality of the exopolysaccharide added. Also addition of live microorganisms may 

20 lead to incorporation of byproducts of the microorganism into the dairy product. 

It is an object of the present invention to provide a simple controlled process for 
producing and adding exopolysaccharide to a cheese or cheese-like products , or at least 
to provide the public with a useful choice. 

DISCLOSURE OF THE INVENTION 

In one aspect, the invention provides a process for preparing or modifying a cheese or 
cheese-likeproduct comprising mixing into a cheese making mixture, or aproduct, a 
heat-killed ferment of an exopolysaccharide-producmg-microorganism without 
30 separating the exopolysaccharide from the other components of the ferment 
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A "cheese-like product" is a milk protein-containing product which on being consumed 
by consumer imparts the sensation of consuming cheese. The products of the process 
include processed cheese and processed cheese spread, cottage cheese and petit sutsse. 
Particularly referred products include processed cheese and processed cheese spread. 
The term "cheese-like product" inc.udes products which may no, be considered to be 
cheeses by some regulatory authorities. 

The heat-killed ferment may be directly mixed into the cheesemaking mixture. 
Alternativelythe ferment may be mixed into an ingredient used in making.be product. 

Preferably the heat-killed ferment is a ferment prepared using a lactose-rich medium and 
an exopolysaccharide-producing-microorganism. In some cases where the 
microorganism does nothydro.yse lactose, .be ferment will require addition of a lactase 
or galactosidase enzyme or an organism which produces an enzyme which hydropses 
lactose. Alactose-rich medium is a medium containing more man 0.5% (w/v) lactose, 
preferably more than 1.0% (w/v). 

„r whey or serum or mother liquor, or raffinate or breakthrough derived frommukor 
skim milk or buttermilk or whey or serum or mother liquor or permeate; or permeate 
derived from milk or skim milk or buttermilk or whey or serum or mother hquor or 
raffinate or breakthrough. 
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Preferably the microorganism is a food-acceptable microorganism. 
Preferably the lactose-rich medium comprises a dairy permeate. 
Preferably the dairy permeate is amilk permeate or a whey permeate. 
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When a dairy permeate is used the invention provides the advantage that a read.ly 
available by-produet of a dairy faetory is used without the disadvantage of havmg to 
further process and transport it to other sites. In addition in this aspect the inventron 
allows combinations of dairy streams generated within the same plant to be used to 
5 provide product with enhanced value. 

Preferred microorganisms for use in the invention are Xamhomona, campes.ris, 
Sphingomonas paucimobilis and lactic acid bacteria. 

10 Currently particularly preferred are Xanthomas camped and Sphingomonas 
paucimobilis which produce exopolysaccharides known as xanthan and gellan 
respectively. 

T^caddbacteriauseMtopro^of^ 
15 ssp bulgaricus; Lactococcus bob ssp cremoris; Lactococcus lactls ssp lacfcs; 

Streptococcus salivarius asp thermophilus; Lactobacillus casei ssp casei; Leuconostoc 
mescnteroides; LactobacUlus helviticus; Lactobacillus rcuteri; LactobaciUns rhamnosus; 
Lactobacillus ptentarum; LactobaciUns sakei. 



20 Generally, the fermentation 
exopolysaccharide. 



conditions are selected to maximise the yield and quality of 



Typically the incubation is conducted at a temperature of 20-35°C. 

25 Typically the microorganism is added to a dahy permeate medium with added nutrients 
for the microoganism such as appropriate salts, a supplementary nitrogen source and a 
yeast extract. The mixture is then typically incubated for 16-240 hours, generally 60- 
120 hours. Theexopolysaccharideconccntrationnraybedetermined. Aldus stage the 
ferment may be heated and spray dried and subsequently added to a cheese making 

3Q mixture or an ingredient. Alternatively the ferment may be heat-killed and rmxed 
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distoguishab.eovertosegenerallyusedin.hepnorar.iBto.mereisnosep^onof 
th eexopo. y saocha ri de ft o m «he m ediu m . ta addition ,o saving on costs, «us avo, s any 
harsh extraction process which may modify the partes of theexopolysacchar.de 
The process is distinguishah.e and advantageons over those involving incorporate hve 
organisms in mat the amount and quality of exopolysaccharide added can be more 
readiiy controlled, for example the exopoiysaeeharide concentration may he measured 
and the incubation conditions such as the carbomnitrogen ratio readiiy adjusted and 



controlled. 
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E^aecharide-contaimttgheat-WUedfennentmaybe added tonulkor^lkptotem 
concenuate.obeusedmeheesemanufacmre.Useofsuchmodif.edmiikorm.Uc 

enzyme is added to cheese milk to produce a curd has the advantage of n— n g ioss 
ofwheyproteinsduringthecheesemakingprocess. Thus the invention provrdes an 

the steps of , ., 

(a) a dding.oacheesemilkahea,-kinedfermentofanexopo.ysacch m de- 

producing-microorganism without separating the exopolysaccharide from the other 

20 components of the ferment; 

(b) adding a proteolytic enzyme to the mixture; 

(c) collecting the resulting curd; 

further processing the curd to produce a cheese or eheese-like product. 

25 Tlreprocessofftemventionmayalsobeusedduringprocessingofcheeseeurdto 

prepLprocessedcheeseorinomer^esofcheesemaxingprocesssuchasmeproc.s 
' of USPa.ent6477,n8andomerpmee S sesformaMngchee S e W imou«usingen Z y m atic 

p Ln.application W O03/5n30.Tnusmeinven.ionprovidesanembodnnenwh 1 ch 1 s 
30 a process of preparing a cheese or cheese-like product comprising tire steps of 
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(a) providing a cheese precursor mixture comprising milk proteins 

(b) adding to the cheese precursor mixture a heat killed ferment of an 
exopolysacchande-producing-microorganism without separating the exopolysaccharide 
from the other components of the ferment 

(c) providing conditions under which the product gels. 

Typically the conditions of (c) are provided by adding a proteolytic enzyme which will 
set the milk to a curd. 

ta another aspect the invention provides aprocess for the modification of a milk protein 
concentrate comprising adding to the concentrate a heat-kiUed ferment of 
exopolysaccharide-prc4ncmg~^ 

ftom the other components of tire ferment. Such milk protein concentrates may be nsed 
in cheese extension. When snch a milk protein concentrate is added to the mdk to be 
used inaeheese making process, it provides the advantage of a high yield of cheese as 
do milkproteinconcontrates gen-sally. In addition there is the former advantage of 
having improved retention of whey proteins in the cheese. Also the presence of the 
exopolysaccharide modifies the consistency of the cheese in a manner which is des,rab,e 
in some cheese types. 

Preferred embodiments of the invention will now be described with reference to 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figurdshowsagraphofflreviscosityof reconstituted WMP(15% in water) 
containing ferment broth EPS at various concentrations, over a range of shear rates. 
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Figure 2 shows the viscosity of recons.itu.ed WMP (1 5%) in water, over a range of 
shear nates, compared to a test reoons.itu.ed WMP (13.3%) containing 0.02% xanthan 



EPS. 
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Figure 3 shows a graph of the viscosity of reconstituted WMP (20%) in wa.er, over a 
range of shear ra.es, compared to .est recons.ih.ted milks (15%) containing xanthan 
EPS. 

EXAMPLES 

The following examples former illustrate practice in the invention. Where the basis of 
percentages has been omitted, it is w/w for solids, w/v for solids in liquids and v/v for 
liquids. 

15 Example 1. 

S pbingomonaspaucimobilis(ATCC31461)was cultured on milk permeate inanumber 
of shake flasks to produce viscous broths containing me anionic polysacchande known 
as gellan The inoculum of Sphingomonas paucimobilis was maintained in tryphcase soy 
20 broth,andintroducedin.omefermenra.ionmediumat2.5%(v/v). The miflc permeate 
medium (milk permeate containing 0.1% yeast extract (Difco)) was free-steamed at 
100°C for 10 min prior to inoculation of the culture and subsequent fermentation. The 
pH of the media was not adjusted prior to heating. Each 250 ml shake flask contained 
25 ml of milk permeate and was incubated on an orbital shaker for 96 hours at 30°C. 

After incubation the flasks were analysed for polysaccharide as follows. An aliquot of 
tire ferment (Ig) was weigl.edintoacentrift.geti.be, heated to boffin g forl0m.nutes, 
and men mixed with 2 ml of Chanel (99%). The floccular precipitate was eentr.fi.ged 
down at 12,000 RCF, and tire supernatant discarded. The pellet was redissolved m 1.5 
ml water, and re-precipitated with 3.5 ml of 99% ethanol. After re-centrifi.gation, the 
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pelle, was dissolved in water and made up «o 200 ml. Aliquots (1 ml) of mis solution 
were mixed with 1 ml of phenol solution (5%, freshly prepared). Coneentra.ed 
sulphuric aeid (5 ml) was added, and the absorbanee of the solution measured a. 485nm 
after standing for 30 minutes. The polysaccharide concentration, in glucose equtvalents, 
was calculated from the absorbanee, after subtraction of the blank value from a water 
sample, by reference to a calibration plot constmeted from assays using pure glucose. 

Twenty flasks were combined to make a total of 3.7 g of polysaccharide. This was 
diluted to 750 ml, with reverse osmosis (RO) water and intimately mixed with 750 ml of 
reconstituted whole milk (20% solids in RO water). The milk was heated to 50°C and 
then into a spray drier, with an inlet temperature of 1 80°C and an outlet temperature of 
90-C A free-flowing powder was collected, and the gellan content was determmed by 
thes*nemethodasbefore after firs, hydrolysing the milkpmtein by incubation wttha 
protease (Flavourzyme, Novozyme). The gellan content was found to be 2.5% on the 
milk solids. 

The powder was dissolved in RO water to make solutions of 10, 15 and 20% solid, 
Control samples at the same concentration were prepared with spray dried wholenulk 
powder without added polysaccharide. The viscosities of the different milks were 
measured at 25°C, using a capillary viscometer (Carmon-Fenske, Sue 300). The 
powder contamingthepolysaccharidemadeamuch thicker milk, as shown in Tab,e 1. 



Table 1. The viscosity 
25 polysaccharide. 



ity of homogenised whole milks with and without added 



Solids level (%) 


Viscosity (mPa.s) 




Control 


With 2.5% 






polysaccharide 






(on powder) 
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10 


1.25 


5.8 


15 


1.39 


26.4 


20 


Ifl 


54.1 



Tlre whole milk containing polysaccharide cou.d be made into cheeseby the addition of 
rennet and then draining the curds of whey. It wonld be expected to give a higher ye.d 
of cheese curd. 



Example 2. 

Xanthomonas campestris (ATCC 13951) was maintained on "YM" agar and 
recons.itn.ed in "ISP" medinm. I. was inocnlated (5% v/v) into a fermentation medmm 
10 consisting of .ac.aae-hea.eti milk permeate (60% ofthetetal volume), urea<0.10% 
w/v) K 2 HP0 4 (0.20% w/v), and MgSO,7rfcO (0.01% w/v). The urea and mmerals 
were'sterilized separately, and pooled wim me hydrolysed rnrlk permeate which had 
been steamed at 100 "C. Tire final medium pH was 7.0. 
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Fermentations were undertaken in shake-flasks (250 ml) in 100 ml volumes. Tire flasks 
were incubated for 96 hours at 28«C with agitation at 180 rpm on an orbital shaker. 
Afterfltis time the medium had become a viscous, pale yeuowb^wim a slightly 
unpleasant odour. 

Eight flasks were then combined and passed through a pressurized filter bed 
(,8mmn25rnm diameter) of granular activated carbon (Norit OAC 1240), which had 
been washed with9bed volumes of water. The viscosity of tire broth decreased from 
150 rnPas to 126mPa.s on the first pass, as it mixed with the waterretained in the filter 

sufficient to decolourise and deodorise tire broth. 
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After analysis (by the method in example 1) of me EPS content, 700gof broth, 
con,aining4.9gof xanthan polysaccharide, was mixed with485g milk protem 
concentrate (70% protein) in 2.2 litres of RO water. The mixture was homogemsed 
wi th a Silverson overhead homogeniser for 5 minntes, passed through a sieve (300pm 
5 aperture), warmed to 50°C and then pnmped to a spray-drier. The inle, temperature was 
18 0°C, and the flow rate of the milk feed was adjusted to maintain the outlet 
temperature between 80 and 90°C. 

A free flowing powder was collected and found to contain 1.056% xanthan 
10 polysaccharidcbymesameanalyticalmerhodsusedinExamplel. This powder was 
used to make a soft white cheese, similar to the South American cheeses known as 
Panel* or Queso Fresco. The basic composition of the cheese was 14m lS%protem 10 
,0 12% milk fa. and 70 to 75% moisture. _ The cheese made was made by mixing a m.lk 
fatemulsion with milk protein co»centi*e, acidifying, adding salt and men incubating 
1 5 with rennet until the cheese was set. 

Milk protein concentrate (20g) was dispersed in 480g of RO water at 50°C. Melted 
milk fa.(500g) was added, andacoarse emulsion made with a Silverson homogemser. 
This was then fully homogenised in a Rannie homogemser at 70/50bar. 

20 

Two milks were then prepared, one with control spray dried milk protein concentrate, 
and one with the milk protein concentrate containing 1 .056% xanthan polysaechande. 
The mUkprotemconcenrratefnOg) was dispersed in 494g RO water at 50'Cinapestie 
md mortar. The solution was stirred with a Heidolph RZR 50 stirrer for one hour, and 
25 then passed through a 300pm sieve. 

Sixdifferentcheesemilkswere,henpreparedaccordingtoTable2,bymixmgmemilk 
base the fat emulsion, the water and lactic acid (2%) at 50°G, then adding the salts. 
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The temperature of the milks was then adjusted to just under 38°C, the rennet (Chymax) 
was added and then the milks were distributed into pottles and placed in an incubator at 
3S°C for 40 minutes to coagulate. The pottles were then transferred to a cool room at 
4°C and cooled overnight. 



Table 2. Formulation of the cheese milks 



No 



10 



Control 
Milk 
Base (g) 



70 



170 



Xanthan 
Milk Base 
(g) 



85 



Emulsio 
n(g) 



NaC 
Kg) 



50 



3.0 



Calciu 
m 

Lactate 
(g) 



50 



3.0 



0.375 



0.375 



0.375 



0.375 



Lactic 
Acid 
Solution 
(g) 



30 



30 



30 



Water 
(g) 



30 



The following day, the solids content, texture and whey loss from the cheeses were 
measured moisture was determined by oven-drying at 102°C overnight. 



Rennet 
(ul) 



40 



The texture of the cheeses was measured with a TA XT2 texture analyser (Stable Micro 
Systems, Surrey, England), and was conducted a day after samples were made. A scalpel 
was used to cut away the plastic pottle and 10mm cubes were cut out of the cheese. 
Measurements were conducted using the TA XT2 texture analyser at 5°C using two 
15 plates in which the cheese cubes were placed in the centre of the two plates and the 

force applied. The test speed was 5 mm/s, compressing the cube to 7mm.. The test was 
carried out a minimum of four times. The results were plotted as force against time, and 
the area under the graph calculated as ameasure of the firmness of the cheese. 
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For the measurement of free whey, the cheese was out into 5mm cubes at 5°C and 
placed into a 50ml centrifuge tube with a cone bottom until a minimum of 5g had been 
added Measurements were carried out in quadruplicate. The cheese was left m an 
incubator at 21«C for 3 hours then centrifuged (RCF 1 12) for 10 minutes. The whey 
was poured off and weighed. The centrifuge tube was then inverted at 30° for 2 
minutes and the residual drained whey added to the weight. The whey loss was 
calculated as a percentage of the original weight of cheese. 

The results for the six cheeses are shown in Table 3. The measured solids in the cheeses 
corresponded closely to the calculated values of 27.48 and 25.74% for the two levels of 
protein. 

There was little difference in firmness between the samples, except for the cheese with 
the highest level of xanthan in the milk powder, and the highest level of protein. This 
cheese was slightly less firm than the others, matching the texture of the samples with 
Are lower level of protein. This type of cheese is characteristically quite soft, and the 
difference was barely detectable when the cheeses were compared in the mouth. 

There were much larger differences in wheyloss between the eheeses. The cheese with 
the highest level of xanthan and protein lost significantly less whey than all the others, 
and clearly less milk protein concentrate containing this level of polysaccharide would 
be needed to make cheese of equivalent whey holding capacity to the control sample a, 
this level of protein. The cheese made with 25.74% milk protein concentrate con.am.ng 
1% polysaccharide was equivalent in whey holding capacity to the cheese wtth 27.48% 
i protein concentrate. This represents a saving in milk powder of over 6%. 

Table 3. properties of Experimental Cheeses 
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Milk protein 
concentrate 
(%of 
cheese) 


Xanthan 
polysaccharide 
(% of cheese) 


Total solids 
(%) 


J71I.ll.illt;a»J 

N.s 


Whey Loss 
(%) 


17.57 


0.186 




3.66 (0.45) 


7.19(3.49) 


17.57 


0.154 


28.12 (0.14) 


5.06 (0.43) 


15.64 (0.83) 


17.57 


0 


28.18 (0.12) 


5.37 (0.30) 


20.01 (0.48) 


14.54 


0.093 


24.42 (0.1) 


3.58 (0.14) 


14.68 (2.35) 


14.54 


0.077 


25.16(0.21) 


3.74 (0.21) 


20.51 (1.88) 


14.54 


0 


25.37(0.23) 


3.95 (0.22) 


22.99 (0.45) 
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Example 3 

Broth was produced by the fermentation of Xanthomoms campestris strain 13951 on 
,ao,asehydro 1 ysed m ilkpennea,eeon«airdngK 2 PO 4 (0.20%w/v),MgSO 4 .7H 2 0(0.01% 

w/v), and yeast extract (1.0% w/v). 

Yeast malt peptone agar was inoculated with the organism and added to the milk 
medium at the 5% level. 

The fermentation was carried ont in shake-flasks (250 ml) in 100 ml volumes. The 
flasks were ineuhated for 96 hours at 28°C with agitation at 180 rpm on an orbrtal 

e the medium had become a viscous, pale yellow broth, with a 
then combined and analysed for EPS 
omentby'the method in example 1, ready for spray drying on to skim milk powder 
15 (SMP). 

Reverse Osmosis (RO) water was heated to 50»C. Under constant agitation with a 
Heidolph RZR 50 overhead stirrer, WMP was added to the desired solids concentrate 
(-20%) and mixed for 30 minutes. At this point, the ferment EPS was added and 
20 mixedforlOminutesbeforeprooeeding. Tire amount of ferment added was calculated 



shaker. After this time ti 
slightly unpleasant odour. Several flasks were 
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to give a level of EPS in the dry powder of 2.3%. The sample was homogenised for 5 
minutes with a Silverson laboratory mixer/emulsifier at low speed. The sample was 
further mixed for 20 minutes at 50°C with a Heidolph mixer, and homogenised with the 
Silverson mixer for 10 minutes. A 300um mesh sieve was used to remove any 
lumps,which were then crushed using a pestle and mortar and mixed back into the 
solution, which was sieved again. 

The solution was maintained at 50°C in a water bath before pumping to an Anhydro Lab 
SI Spray Dryer (Denmark) with an inlet temperature of 1 80°C and an outlet temperature 
between 80-90°C. The feed rate was adjusted to ensure the outlet temperature was kept 
constant. The spray-dried powder was vacuum sealed in light- and moisture- 
impermeable bags. A control powder WMP powder containing no EPS was also 
prepared 

The control and EPS containing powders were mixed to attain varied EPS 
concentrations. The measured powder was gradually added to RO water to obtain the 
desired total solids concentration (15%) and was mixed for 1 hour. The viscosities 
were measured using a Rheometric Scientific SR-5000 viscometer with cone and plate 
geometry (cone diameter 40mm and cone angle 0.04 radians). Controlled stress sweeps 
were preformed with a 60 second delay before the test and an initial stress of 0.06Pa. 
The temperature was held at 5°C. 

The milk solutions containing ferment broth EPS were more viscous than the control 
milk over the whole range of shear rates from 0.05 to 1000 s \ and particularly so at the 
low shear rates, which is characteristic of xanthan and other polysaccharides (Figure 1). 

The whole milk containing polysaccharide could be made into cheese by the addition of 
rennet and then draining the whey from the curds. It would be expected to give a higher 
yield of cheese curd than the control milk 
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Spray dried whole milk powder containing 2.71% Keltrol was used to discover the 
reaction of test panelists to milks containing EPS. The Keltrol was obtained CP Kelco, 
San Diego USA, and was found to contain 84.8% xanthan EPS when analysed by the 
method detailed in Example 1 . The powder was prepared by adding WMP to deionised 
water at 50° with vigorous stirring for 30 minutes to make a 20% solution. At this 
point, enough Keltrol was added to give a level of xanthan EPS in the finished powder 
of 2.3% and mixed for 10 minutes. The sample was homogenised for 5 minutes with a 
Silverson laboratory mixer/emulsifier at low speed. The sample was further mixed for 
20 minutes at 50°C with a Heidolph mixer, and homogenised with the Silverson mixer 
for 10 minutes. A 300um mesh sieve was used to remove any lumps,which were then 
crushed using a pestle and mortar and mixed back into the solution, which was sieved 



The solution was maintained at 50°C in a water bath before pumping to an Anhydro Lab 
S 1 Spray Dryer (Denmark) with an inlet temperature of 1 80°C and an outlet temperature 
between 80-90°C. The feed rate was adjusted to ensure the outlet temperature was kept 
constant. The spray-dried powder was vacuum sealed in light- and moisture- 
20 impermeablebags. A control powder WMP powder containing no EPS was also 

prepared. 

Two tests were carried out. In the first, the control and xanthan EPS containing 
powders were mixed to make a WMP powder containing 0.02 % xanthan. This was 
reconstituted to a solids concentration of 1 3 .3%. A reconstituted 1 5% WMP control 
milk was also prepared. The viscosities of both solutions were measured over arange of 
shear rates using a Rheometric Scientific SR-5000 viscometer with cone and plate 
geometry (cone diameter 40mm and cone angle 0.04 radians). Controlled stress sweeps 
were preformed with a 60 second delay before the test and an initial stress of 0.06Pa. 
The temperature was held at 5°C. The results are shown in Figure 2. 
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„canbe seen that «he viscosity of the milk containing xanton was sli^.ly higher than 
the control, even thongh the xanthan milk was 2% lower in milk powder. 

A triangle test was used to determine whether consumers could detect the difference 
between the two milks. Eleven of the 32 panelists tested correctly idennfied the 
different sample. Statistical analysis (Larmond, E. (1977). Laboratory Methods for 
SensoryE^uationofFood.C^Bco^^ofA^^VuW^n^l 

Kromar Printing Ltd.) showed that this result was not significant at the 5% level of 
confidence, and it can be concluded mat the consumers could not tell the difference 
betweenthetwo samples. This showed that EPS, therefore, can substitute for WMP 
total solids, with 0.020/. EPS repla cing 1.7% of the total solids of a .5% WMP solution. 

In the second test, spray dried WMP, containing xanthan EPS, was mixed with control 
WMPtoobtainvariousEPSconcentrafionsandrecunsfituted. The test samples had 
15% solids containing xanthan EPS at levels of 0.015, 0.04, and 0.079%. The control 
consisted of a reconstituted WMP (no EPS) at 20% solids. 

The viscosities of the milks were measured over a range of shear rates using a 
Rheometric Scientific SR-5000 viscometer and controlled stress sweeps at 21 C (F.gure 

3). 

TOrtv-two panelists were asked to compare fire samples on a hedonic scale (like/disfike) 
for creammess, thickness, flavour, and overall liking of the product. They were also 
asked to rate the samples on an intensity scale for creaminess and thickness. 
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Statistical analysis showed that hedonic ratings for the flavour and overall-hkmg 
attributes followed a binomial distribution. This was a reflection of people either likmg 
ordisliking the product. The people tested were no. familiar with a thick milk product, 
andalargeproportiondislikedboththecontrolandthetestmilks. A different result 
30 might be obtained with consumers accustomed to drinking thick milk. 
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The statistical analysis of the average hedonic ratings showed that there was no 
significant difference (5% level of confidence) between the four samples for flavour, 
overafl liking, thickness and creaminess. Therefore the addition of xanthan EPS had no 
significant effect on the tasters' liking or disliking of the milk. 

The intensity ratings for creaminess and thickness showed a norma, distribution for all 
four samples. There was no significant difference between the ratings for thickness and 
creaminess of the control (20% WMP) and the test 1 5% WMP samples with 0.04% and 
0 079% xanthan. However the control sample was perceived as thicker and creancer 
than the test 15% WMP samples with 0.0, 5% xanthan. Evidently this level of xanthan 
is not sufficient to comper^ate for the difference of 5% in the solids level 



Example 5 - 

Xamhomonas can^estris ATCC 13951 was reconstituted from a lyophilized sample in 
rSPmemumcontainingSgl'tryptoneandSgl-'yeastextract. It was maintained on 

YM agar slants at 4 °C (YM medium contained 3 g l" 1 yeast extract, 3 g 1" malt extract, 5 
gf' peptone, and lOgf glucose, and, 20gf agar was used for the solid agar slants. 
Thepre-fermen«erse^-mocmumcontamedl.2gr'NH 4 NO,,2gr'K 2 HPO 4 ,0.1gl 
MgS0 4 7H 2 0, and milk permeate (5 % w/v lactose), pre-hydrolysed to glucose and 
galactose with Lactozyme 3000L. The batch fermentation was undertaken in the same 
medium, with tire exception that the milk permeate-lactose was not hydrolysed pnor to 
fermentation, and smtifoam (Bevaloid 6618, Rhodia) wasnsed for foam-control. All 
media were adjusted to pH 7. 

The inoculum was undertaken by the conventional protocol, in incremental steps 
equivalent to 10 %(v/v) aft he subsequent volume of culture. The inoculnm was 
created by inoculation of 4 X 70 m! volumes of "YM" medium in a conical flask wtih a 
ftesh culture ofthe organism preserved on a slant of YM agar, and cultivation of the 
, cultures on an orbital shaker at a rotational speed of 180 rpm, at a temperature of 29 C 
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for 24h The cultures were subsequently transferred individually into 4 X 630 ml 
volumes of culture medium in 2L conical flasks, incubated under the same conditions 
for 48 h, and pooled aseptically; this served as the seed-inoculum for the batch 
fermentation. 

The total batch fermentation working volume was SSL, consisting of 51L milk permeate 
(appro*. 5 % w/v lactose) containing mineral salts, 0.9L NH 4 NO, stock soluhon 
(sterilized separately), 2.8L of seed-culture, and the balance consisting of antrfoam (55 
ml) and enzyme solntion. The fermentations were undertaken in an LH Bioreactor 
(60Lvolumereactor). Temperature was controlled at 29°C, and the pH was maintamed . 
at 7 0 with 0.5 M KOH. Agitation was maintained at 700rpm, higher agitation speeds 
were not feasible due to excessive foaming. Lactase enzyme solution was filtered mto 
the fermenter vessel immediately after inoculation. After 72 h fermentation, the brum 
was transferred to chill storage. 

The EPS concentration in the broth was found to be 0.252% as determined by the 
method oudined in Example 1. Thebrothwas then ultrafiltered through a 10,0000 cut- 
off Koch spiral-wound membrane until the vohrme was reduced to ~2L. Itwasdiluted 
with distilled water and diafiltered until the retentate was virtually colourless and 
odourless. The EPS content of the retentate was found to be 0.593%. 

An aUquot(130g)ofthereten,ate was diluted to ILand used to disperse 200gof milk 
protein concentrate (MFC) powder (70% protein). The dispersion was then stirred wrth 
aSilversonmixer until thepowder was completely dissolved. The solution was heated 
to 50«C in a water bath before pumping to an Anhydro Lab SI Spray Dryer (Denmark) 
with an inlet temperature of 1 80°C and an outlet temperature between 8O-90°C. The 
feed rate was adjusted to ensure the outlet temperature was kept constant. The spray- 
dried powder, containing 0.385% retentate EPS, was vacuum sealed in light- and 
moisture-impermeable bags. A control MPC powder containing no broth retentate was 
30 also prepared. 
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A concentrated emnlsion of milk fa. in MFC was made by mixing 20g of the control 
MFC powder into the 480g RO water at 50°C for 30 minntes. Fresh frozen rmlk fa. for 
recombining (500g) was melted and added to the MFC solntion and homogemsed m a 
Silverson mixer atlow speed until the mixture appearedhomogeneous.lt was then 
passed through a Rannie homogeniser at 70/50 bar at 45°C. 

A control milk solution was then made by dissolving .21.5g MFC in 378.5 g of RO 
water, heated to 50»C. Tfre solution was stirred for 1 hour to ensure complete hydrahon. 

A milk containing UF retentate was then made by dissolving 121. 5g MPC containing 
0385%brou 1 reten«ateEFSin378.5 gofROwater,heate< 1 to50«C.Thesolu,iouwas 

nuxedwithaHeidolphRZR 50 stirrer for onehoor and men passed through a 300pm 
sievetoremoveanylumpsorfoam. Any lumps present were ground with a pestle and 
mortarandaddedbacktothesolutionwhichwasmixedandpassedtin-oughaSOOpm 

sieve A lactic acid solution was made comprising 1.39% concentrated lactic acid and 
98.61% RO water. Finally four cheese milks were mixed according to the proportions 
in Table 4. 

Formulation of cheese milks containing UF broth retentate 



Table 4. 



Control 


Retentate 


Emulsion 


NaCl 


Calcium 


Lactic 


Milk 


Milk 


(g) 


(g) 


Lactate 


Solution 


Base (g) 


(g) 






(g) 


(g) 


170 


0 


50 


3.0 


0.375 


30 


20 


150 


50 


3.0 


0.375 


30 


80 


90 


50 


3.0 


0.375 


30 


120 


50 


50 


3.0 


0.375 


30 



TTremilks were wanned to 38°C, mixed for 5 minutes, inoculated with 0.015% rennet 
(Christian Hansen, 540 MCU/ml) and poured into pottles to tine desired weigh, of 
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cheese. The pottles were placed in a 
were left to cool overnight at 4°C. 



water bath at 38°C for 40 minutes then the cheeses 



The texture and expressed whey of the cheeses were measured in the same way as m 
5 Example 2, with the results shown in Table 5. 



Table 5. 



The texture and firmness of experimental cheeses 



10 




The cheesesln^mMP^^ "* 1 

than the control cheese. Starting with lOOgoffresh cheese the control only weighed 
80 65g after syneresis, whereas the cheeses containing EPS weighed 82 to 83g. It is 
evidentthatifMPC^ 

MPC is required to make a cheese of equivalent weight after drainage. 



15 Example 6 



A mother cutae of Lactobacillus delbrueckii ssp bulgaricus, ACC strain 2483, was 
pr epaxedbyinoculatingaboMeofsterilisednuUc( 1 0gski m milkpowder(SMP)in90g 

ROwater) with the organism, under sterile conditions. After inoculation, thebotde was 
incubated at 37°C for about 18 hours, after which time it had turned to a thick gel. The 
inoculum was kept in a refrigerator until needed for the main experiment. 
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2L round-bottomed flask and attachments was sterilised in an e.ectric steriliser. Then 
the flask was secured in a waterbath a. 37»C and fitted with a pH stat, stirrer and feed 
from a peristaltic pnmp, primed with a suspension of calcium carbonate. 

5 Milkpermeated.lDwi.hS.SgofSMPandS.Sgyeas.e.tractCGibcoBRDwasheaed 
,„ boiling and men allowed to cool to 37»C. Some of the solution was reserved for later 
viscositymeasurements, and the bulk ofthemedium was added to the round-bottomed 
flask. Stirring was started at a slow speed, just sufficient to move the liquid without 
creatingavortex. Mother culture (10ml) was added and the flask, resealed. Whenthe 

10 pH had dropped to 6, the pH stat and peristaltic pump were started. 

The fermentation was allowed to continue for about 1 8 hours, by which time me pH had 
fallen to4.8. The injection ot calcium carbonate was insufficient to stabilise the pH at 
S.whichhadbeenmeoriginalintention. The broth was men heated to 90-100°C for a 
15 fewminutes, cooled and stored in a refrigerator. 

Thevisc„si^ofthebromwasme,sured W imaU-mbeviscome,er,whichhadbeen 
standardised wi«hROwa.er,at20°C. The relative viscosity was 1 .79, compared to 1.22 
for the original uninoculated medium. 

20 

The increase in relative viscosity indicated that some EPS had been formed during the 
fermentation, so the concentration of EPS was measured by Are method in Examplel. 
The EPS concentration was found to be 0.1 g/kg of broth. 
25 Tfieremammgbromwa.adjusted.opHe.Sbymeslowadditionofoaloiumoxide. 
After filtering the broth, it was used to dissolve lOOg of whole milk powder (WMF). 
Theresultingmilk was heated to 50°C in a waterbath and men pumped to an Anhydro 
LabSl Spray Dryer (Denmark) with an inlet temperature o fl 80»C and an outlet 
temperature between 80-90°C. The feed rate was adjusted to ensure the outlet 
30 temperaturewaskeptconstant. The spray-dried powder was vacuum sealed m hght- 
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andmoistme-imperrneablebags. A control WMP without broth was also prepared. Tie 
level of EPS in the WMP was estimated to be 0.1%. 

Solutions (1 5% solids) of to two spray-dried powders in deionised water were tested in 
5 a Ferranti-Shirley viscometer, using a 100mm cone and a shear sweep from 0 to 935 s . 
The apparent viscosity^) at .00 .-. the consistency coefficient^) and the flow 
behaviour index (n) were calculated from the power law equation and shown in Table 6. 





Vioo 


K 


N 


1 System 


Pa.s 


Pa.s 








Control milk 


0.008 


0.024 


0.776 


Milk with 


0.021 


0.349 


0.39 


EPS 
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Table 6. The viscosities of reconstituted whole milk with and without EPS 
produced by Lactobacillus delbmectti ssp bulgaricus, ACC strain 2483. 
The milk reconstituted from WMP containing Lactobacillus EPS was more viscous and 
showed greater shear-thinning characteristics <lowern)<han the control milk. I. could 

moumfeel to the control milk. This milk could also be converted to cheese by the 
addition ofrennet, and would be expected give an increased yield of cheese over the 
control. 

The above Examples are illustrations of pracfice of the invention. I. will be appreciated 
bythose skilled in the art mat the invention canbe carried out with numerous 
modifications and variations. For example the type of microorganism used may be 
varied The microorganisms used may be producers of different exopolysacchandes. 
The fermentationmedia, carbon source and times and temperatures maybe varied. The 
heat-kifled ferments may be used to different types of cheeses and cheese-like products. 
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